Understanding changes in attitudes towards others is critical to understanding human behaviour. Neuropolitical studies have found that the activation of emotion-related areas in the brain is linked to resilient political preferences, and neuroeconomic research has analysed the neural correlates of social preferences that favour or oppose consideration of intrinsic rewards. This study aims to identify the neural correlates in the prefrontal cortices of changes in political attitudes toward others that are linked to social cognition. Functional magnetic resonance imaging (fMRI) experiments have presented videos from previous electoral campaigns and television commercials for major cola brands and then used the subjects' self-rated affi nity toward political candidates as behavioural indicators. After viewing negative campaign videos, subjects showing stronger fMRI activation in the dorsolateral prefrontal cortex lowered their ratings of the candidate they originally supported more than did those with smaller fMRI signal changes in the same region. Subjects showing stronger activation in the medial prefrontal cortex tended to increase their ratings more than did those with less activation. The same regions were not activated by viewing negative advertisements for cola. Correlations between the selfrated values and the neural signal changes underscore the metric representation of observed decisions (i.e., whether to support or not) in the brain. This indicates that neurometric analysis may contribute to the exploration of the neural correlates of daily social behaviour.
INTRODUCTION
Exploring human nature is one of the primary motivations for investigations in neuroscience. We explored the neural mechanism involved in preference changes toward others in a situation that is relevant to social life, the exposure to positive and negative advertisements.
The (dis)favour in which others are held, and changes thereto, might affect decisions. Attitudes and attitude changes have constituted major concerns of political psychology (Mutz et al., 1996) . In this regard, stable preferences towards others, such as those based on partisanship and membership in social groups, as well as preferences that are more susceptible to change constitute important subjects for study. Psychological tests to identify affi nity with sociopolitical groups (such as political organizations and ethnic groups) provide reliable indicators of stable preferences. Neuropolitical experiments use stimuli that reinforce or oppose the stable political preferences of subjects. Initial studies have discovered circuitry in regions of the brain that are related to emotion (Kaplan et al., 2007; Knutson et al., 2006; Phelps et al., 2000; Westen et al., 2006) . Traditionally, economic theory has assumed that people are concerned exclusively with their own interests, but the recognition of (positive and negative) concern about the welfare of others has already become the conventional wisdom in experimental and behavioural economics (Camerer, 2008; Carpenter, 2008) . In neuroeconomics, social preferences are identifi ed as divergence from purely self-interested candidates after viewing the negative campaign videos against them and the changes in the medial prefrontal cortex showed positive correlations. The neuronal representation of self-rated affi nity towards others might lead to methodological advances in the analysis of those social behaviours that cannot be quantitatively defi ned by an external measurement explicitly expressed as a utility function.
MATERIALS AND METHODS

SUBJECTS AND BEHAVIOURAL TASK
Forty, healthy volunteers (8 women and 32 men, aged 18-27 years), who were native English speakers or able to understand TV news in English, were pre-assessed to exclude those ineligible for magnetic resonance (MR) scanning. All of the subjects were neurologically normal and strongly right-handed according to the Edinburgh Inventory (Oldfi eld, 1971) . A pre-scanning questionnaire also asked their gender, age, and ideology. We recruited those who were under 30 years old at the time of the experiment (summer 2007) to avoid those who had seen presidential campaign advertisements in 1992. No one had seen any of the campaign ads we presented. All participants gave informed consent for the study, which had been approved by the Institutional Review Board.
We used videos from the 1992 US presidential campaign and ads for two cola brands for comparison. Participants spent three sessions viewing presidential campaign advertisements (Bush vs. Clinton) and three viewing cola advertisements (Coke® vs. Pepsi®) inside an MRI machine (Figure 1) . The order of the six sessions (both political and commercial ads) was counterbalanced among the participants; about half the participants experienced the six sessions in the reverse order. After each session, they were asked which candidate (or cola brand) they favoured. For both the campaign and cola advertisements, positive advertisements about each candidate (or brand) were shown in the fi rst session, followed by a second session of negative advertisements that attacked the candidate/brand of choice. The third session again showed positive advertisements for both sides, but Our experiments focused on the prefrontal cortices that are linked to cognitive control (Canessa et al., 2005; Lieberman, 2007; Miller and Cohen, 2001 ) because we hypothesized that this region contributes to changes in preferences caused by relevant stimuli that affect social cognition. Focusing on real implications, we explored the association between preference changes and neural activities by using videos from the 1992 US presidential campaign and the commercials of major cola brands for comparison. Although social scientists agree that negative campaigns affect voters' behaviours, they are divided about their infl uence on individual psychology and, ultimately, attitude (Lau et al., 2007) . To explore the neural mechanisms, our experiment combined the neurometric analysis with two distinct behavioural observations: the binary judgment on which rival candidate (or commodity) is favoured after viewing the videos and the self-scaled affi nity towards candidates in post-task questionnaires.
On the one hand, after viewing negative campaign videos, subjects showing stronger functional magnetic resonance imaging (fMRI) activation in the dorsolateral prefrontal cortex lowered their ratings for the candidate they originally supported more than did those with weaker fMRI activation in the same cortical area. On the other hand, subjects showing stronger activation in the medial prefrontal cortex tended to increase their ratings for the candidates attacked in the negative campaign videos more than did those with weaker activation. The same regions were not activated while viewing negative advertisements for cola, which were used for purposes of comparison. These results imply that neural activity after exposure to negative information about previously supported political candidates was linked to cognitive control of socially relevant stimuli. The activation of distinct prefrontal areas indicates that different kinds of cognitive controls were associated with opposite responses to negative information about the previously supported candidates, that is, they were associated with increasing and decreasing political support. fMRI signal changes in the dorsolateral prefrontal cortex showed negative correlations with changes in ratings for the FIGURE 1 | Tasks inside the MR machine. Three sessions of campaign advertisements and three sessions of cola advertisements were shown. After each session, the participants were asked which of the two candidates/brands they favoured. For both the campaign and cola advertisements, the fi rst session consisted of positive advertisements for both candidates/brands. The candidate/ brand favoured after the fi rst session was attacked during the second session. The third session again consisted of positive advertisements for both candidates/brands, but the content differed from that of the fi rst session. One advertisement session consisted of four segments of 30-s advertisements with each advertisement followed by a 30-s rest period.
Positive1
Bush and Clinton (Coke® and Pepsi®)
Negative
Attacking Bush/Clinton (Attacking Coke®/Pepsi®)
Positive2
Bush and Clinton (Coke® and Pepsi®) 4 min 30 s
the content differed from the fi rst session. One advertisement session consisted of four segments of 30-s advertisements; each advertisement was followed by a 30-s rest period. For the political campaign advertisements, participants were asked in a post-task questionnaire to rate how (un)favourable they felt towards each candidate after each session. Using an analogy with thermometry for expressing cold-and warm-heartedness, they were instructed to give a rating of 50 [in a range from 0 (least favourable) to 100 (most favourable)] when they were neutral about a candidate. This rating was built on a measure of the so-called "feeling thermometer," used by the Center for Political Studies, University of Michigan, to analyse presidential elections since 1968 (Weisberg and Miller, 1979) , and studies of elections and social groups (Cairns et al., 2006) . During the experiment, each participant lay supine on the stretcher of an MR scanner (Exelart; Toshiba, Tokyo, Japan) with his/her head fi xed with straps and pads inside the head coil to restrict head motion. The six sessions of advertisement videos were projected onto a screen located at the rear of the scanner and viewed through a mirror attached to the top of the head coil. The sound accompanying the advertisements was delivered through headphones. The participants wore earplugs under the headphones to minimise the MR scanner noise. Before starting the experiment, each participant confi rmed that he/she could see the screen and hear the sound clearly. They were instructed to fi xate on or view the images around a white cross (a fi xation point) at the centre of the screen to minimise artefacts related to eye movements. The stimulus was presented and synchronised with the MR scanner using Presentation® (Neurobehavioral Systems, San Francisco, CA, USA).
IMAGING
During the video sessions, gradient echo T2* weighted echo-planar images with BOLD contrast were acquired at 1.5 T (TR/TE = 3000/ 40 ms, FA = 85°, slice thickness/gap = 6/2 mm, FOV = 25 × 25 cm 2 , matrix size = 64 × 64, 18 slices). Each of the six sessions consisted of 85 scans, the fi rst fi ve of which were discarded to allow for T1 equilibration effects. T1-weighted structural images were also acquired after the video sessions.
IMAGING ANALYSIS
The imaging data were pre-processed and analysed using SPM5 (Wellcome Department of Imaging Neuroscience, Institute of Neurology, University College London, UK). The realignment processing assured that the participant's head movement was less than 2 mm. The realigned images were then normalised to a Montreal Neurological Institute (MNI) EPI template and smoothed with an 8-mm full-width at half maximum Gaussian kernel. A highpass fi lter with a cut-off period of 128 s was applied to remove low-frequency noise, and an autoregressive (order one) model was used to correct for short-range serial correlations.
A fi xed-effects analysis was conducted for each participant to obtain a contrast image for each advertisement session. The contrast images of the 40 participants were then used for random effects analysis. To evaluate fMRI activation within the prefrontal cortices associated with a change in choice of the favoured candidate, we fi rst conducted a t-test between the Changed and Unchanged Groups for each of the two negative and two subsequent positive advertisement sessions. In the comparison, we inclusively masked areas where the mean per cent signal change for the group that had lower activations was more than zero to avoid picking up brain areas that show deactivations predominantly in our analysis. Random effect SPM{t} maps were thresholded at an uncorrected p < 0.05, with a cluster-size threshold of 15 voxels. The MNI co-ordinates were converted to Talairach co-ordinates (Talairach and Tournoux, 1988) using the nonlinear transformations suggested by Brett 1 ; the corresponding Brodmann areas (BA) were fi rst assumed roughly using Talairach Daemon (Lancaster et al., 2000) and then determined using the atlas of Talairach and Tournoux (Talairach and Tournoux, 1988) . We then extracted the time courses of each cluster in the prefrontal area using MarsBaR 2 for the six advertisement sessions. The average per cent signal change for each participant for each session was calculated relative to the average signal obtained during the rest period.
Using the per cent signal change data obtained from each individual, we performed a between-subjects correlation analysis for the behavioural indicators: the aforementioned self-rated preferences for the candidates (feeling thermometer). All clusters that survived the t-test with inclusive masking were examined. A behavioural indicator representing the degree of preference change towards a favoured candidate during a campaign advertisement session was calculated by subtracting "the pre-session rating of the favoured candidate" from "the post-session rating of the candidate." An additional indicator that represents a relative preference for a favoured candidate was calculated by subtracting "the pre-session rating of the unfavoured candidate" from "the pre-session rating of the favoured candidate." For the regions of interest, a two-sample t-test of the signal changes of the Changed and Unchanged Groups (two-tailed; p < 0.05) was also performed for each session.
RESULTS
BEHAVIOURAL ANALYSIS
The choice of favoured candidate and cola brand after each session for the political advertisements and cola advertisements are shown in Figures 2 and 3. Of the 34 people who chose Clinton after the fi rst session, 14 changed their choices after seeing negative advertisements attacking Clinton, whereas four of out of six people who had chosen Bush chose Clinton after the negative advertisements. In other words, 18 of the 40 participants who saw negative advertisements attacking the candidate of their choice changed their choices after viewing the negative advertisements (Figure 2) . Seven of the 20 people who had chosen Pepsi® changed their minds, whereas 4 out of the 20 people who had chosen Coke® changed their choices to Pepsi after viewing the negative advertisements. That is, 11 people changed their choices after viewing negative cola advertisements (Figure 3) .
We performed Wilcoxon's rank-sum tests for sex, age, and ideology to identify statistically signifi cant relationships between changes in choices and participants' attributes. Only age was signifi cantly related to changes in choice, and only with regard to the second positive political session. This indicates that the younger participants changed more often after viewing the second, positive campaign session.
We also conducted correlation analyses to examine if our main behavioural indicator, preference change for the favoured candidate during the negative campaign advertisement session (the post-session rating of the attacked candidate vs. the pre-session rating of the attacked candidate), could be explained by other behavioural indicators. We found that the indicator was negatively correlated (−0.4363; p = 0.0049) with the pre-session rating of preference towards the favoured candidate after the fi rst positive advertisement session and negatively correlated (−0.3757; p = 0.0169) with the pre-session rating of preference for the nonfavoured candidate.
NEURAL ANALYSIS
To identify brain regions in which subjective values, especially preference changes related to changes in choices, are represented metrically, we fi rst compared those whose candidate choice did not change after viewing the advertisements (Unchanged Group) with those whose choice did change (Changed Group). The Talairach co-ordinates of the clusters that remained in this analysis are listed in Table 1 .
As is the case in much of the literature on social cognition, our investigation focused on the prefrontal cortices. During the negative campaign advertisements, the Unchanged Group had more activations than the Changed Group in the medial prefrontal regions. The degree of preference change towards the favoured (attacked) candidate during the negative advertisement session had a signifi cant positive correlation with the per cent signal change in one of these regions (Talairach co-ordinate: −16, 39, 44; BA8; Figure 4A ). By contrast, the Changed Group had more activations than the Unchanged Group in the right and left dorsolateral prefrontal regions, and the same degree of preference change towards the favoured (attacked) candidate during the negative advertisement session had signifi cant negative correlations with the per cent signal change in these two regions 16, 40; BA9/6) and (53, 30, 11 ; BA46/9), respectively; Figures 5A and 6A] . Among the prefrontal regions that showed signifi cantly different activations between the Unchanged Group and Changed Group (uncorrected p < 0.05), only these three regions exhibited signifi cant correlations with our preference-related indicators.
Furthermore, an additional preference rating, the relative preference for the favoured candidate measured before the negative advertisements was signifi cantly positively correlated with the signal change in the left medial prefrontal region (Figure 7 ), but not with that in the two dorsolateral prefrontal regions.
For these three regions, we also compared the signal change in the Unchanged and Changed Groups for all six advertisement sessions to see if signifi cantly different activations also occurred in other sessions. We found that the left medial prefrontal region was activated signifi cantly more in the Unchanged Group during the negative political advertisement session only ( Figure 4B ) This indicates that the activation of this part of the brain was specifi c to the political task in our experiment and to the negative advertisements among political sessions. Conversely, the dorsolateral prefrontal regions were activated signifi cantly more in the Changed Group in all political sessions, but not in the cola sessions ( Figures 5B and 6B) ; therefore, these areas were politicsspecifi c, but not negative-specifi c in our tasks. In addition, prefrontal regions that were activated more in the Unchanged Group during the cola negative advertisements were found, but at coordinates that were different from those found for the political negative advertisements (for the co-ordinates, see Table 1 ). These fi ndings also indicate that the prefrontal regions had different associations with preference change in response to the negative campaign advertisements and the negative cola advertisements.
During the second sessions of positive advertisements for both the campaign and cola advertisements, the Changed Group showed more activations in the dorsolateral prefrontal cortices (51, 41, 11; BA46), (42, 9, 29; BA9) and (−32, 7, 31; BA9/6) for campaign and (46, −1, 22; BA9) and (−50, 5, 31; BA9) for cola. Activation in the dorsolateral prefrontal cortex (36, 22, 19; BA8/9) was also found in the Unchanged Group, but only during the cola session. As in the case of the negative campaign advertisements, the per cent signal change in the right dorsolateral prefrontal cortex (51, 41, 11; BA46) during the second, positive campaign advertisements had a negative correlation with the preference change for the candidate that had been favoured before the second, positive advertisements (Figure 8) . In addition to the dorsolateral prefrontal cortices, the reward-related ventromedial prefrontal area (16, 61, 6; BA10) was found to be activated more in the Changed Group during the second, positive campaign advertisements. The area did not show correlated activities with the self-scaled values, but survived a correction for Kato et al. Neural correlates of attitude change multiple comparisons using a false discovery rate when a one-sample t-test (p < 0.05) was conducted for the Changed Group.
DISCUSSION
We demonstrated that neural activation in several different regions in the prefrontal cortex traced a change in subjective values of affi nity towards political candidates. The fi ndings involved implications for understanding preference changes towards others after receiving negative information on them. Neural signal changes in the lateral prefrontal cortex had signifi cant negative correlations with an increase in preference for the supported candidate after viewing the negative campaign videos. Changes in the medial prefrontal cortex had positive correlations. The medial and lateral prefrontal cortices were associated with opposite responses, i.e., continued support or changing sides, respectively, in our experiment. Thus, we confi rmed the neural correlates of two critical elements in real politics: a binary choice between two competing alternatives (i.e., maintaining or switching support) and a transformation in preference that predicates the choice.
ACTIVATION IN THE MEDIAL PREFRONTAL CORTEX
The prefrontal cortex, where we found the activated regions, is thought to be associated with social cognitive control (Canessa et al., 2005; Lieberman, 2007; Miller and Cohen, 2001 ). The medial prefrontal cortex, especially the posterior rostral medial prefrontal cortex, is implicated in confl ict monitoring (Amodio and Frith, 2006) . Deductive reasoning is thought to be important when s electing one among confl icting alternatives (Goel, 2007) .
In published experiments, activation of BA8 was reported when monitoring a confl ict among competing alternatives in the face of uncertainty. In predicting a winner between two UFOs with different colours, shapes, and fi gures, BA8 was commonly recruited in the face of uncertainty that derived from varying winning probabilities, whereas different strategies to cope with uncertainty might recruit different neural circuits (Volz et al., 2004 (Volz et al., , 2005 . The medial BA8 was also recruited in a task that required the individual to judge the validity of an argument and select one from among alternatives that are different in deductive complexity. The activated region (−16, 39, 44: BA8) among the Unchanged Group in our experiment is similar to the one used when subjects were required to judge the validity of logical statements matched in linguistic complexity by using deduction (Monti et al., 2007) . The nature of the behaviour framed in previous experiments parallels the behaviour of our experiment in the sense that the subjects were required to make a binary choice based on deduction when facing uncertainty. The neural correlate implies that the Unchanged Group chose to continue to support a favoured candidate based on a deductive examination of confl icting information presented in the negative advertisements. The activation of BA8 was observed in the Unchanged Group during politically negative advertisements, but not during positive ones or in the cola tasks.
ACTIVATION IN THE DORSOLATERAL PREFRONTAL CORTEX
Induction was also adopted as a strategy for making a decision if an explicit pattern in uncertainty did not emerge, that is, the stimulus (i.e., the message in the campaign advertisements) did not necessarily control the level of uncertainty by varying probabilities (Volz et al., 2004 (Volz et al., , 2005 or logical (in)consistency (Monti et al., 2007) . The region activated among the Changed Group was the bilateral dorsolateral prefrontal cortices (BA9/6, BA46/9), which are associated with induction rather than deduction (Goel and Dolan, 2004) and with working memory (Miller and Cohen, 2001 ). More specifi cally, the activation in the dorsolateral prefrontal cortex is thought to increase when attention is focussed on goal-relevant stimuli while minimising distraction from cross-modal stimuli (Weissman et al., 2004) . The bilateral regions where activation was observed in the published experiments were similar to the brain regions (−42, 16, 40; 53, 30, 11) in our experiment among the Changed Group. After viewing the negative videos, those in the Changed Group were thought to have used induction to make a binary choice. A recent fi nding plausibly extends the role of distraction minimisation in a social context when one person's intention is inconsistent with the second person's behaviour (Weissman et al., 2008) . BA9 is recruited in tasks that involve the inconsistency of others' intentions. In a previous experiment, subjects were required to view an animation in which a boy followed or did not follow a verbal instruction from a woman standing behind him to touch a blinking dial or a different part of the table. BA9 was recruited when the boy did not follow the woman's instruction (Weissman et al., 2008) . In our experiment, a similar region (−42, 16, 40) was recruited when the subjects accepted the negative information regarding the favoured candidate provided by a rival (and consequently changed their minds). In both experiments, subjects found a "social" situation when viewing contradictory behaviours on the part of two characters in two settings, i.e., animated characters and political fi gures in campaign advertisements. The characters in both videos were regarded as social creatures, so that the inconsistency in their behaviour (i.e., the boy going against the woman's instruction and the rival's attack on the favoured candidate) may be interpreted as ensuing from their contradictory intentions. The neural correlate was also thought to be capable of distinguishing the inconsistency in a social situation from the inconsistency of a single person's behaviour. The posterior superior temporal sulcus, instead of BA9, was recruited in the task that involved viewing an animated character reaching to grasp a blinking dial (correct or expected) or an empty space (incorrect or unexpected; Pelphrey et al., 2004) .
Activation of these regions was observed in the political tasks, regardless of the positive and negative advertisements. The results imply that the Changed Group considered the information in the latest political advertisements to be more relevant.
ACTIVATION DURING THE SECOND POSITIVE ADVERTISEMENTS
During the second positive advertisements we found activation in the bilateral posterior dorsolateral prefrontal cortices among the Changed groups in both the cola and political tasks. The bilateral dorsolateral prefrontal cortices are also recruited in minimising cross-modal distraction (Weissman et al., 2004) , in coordinating between different tasks (Derrfuss et al., 2004) and deciding to gamble with the feedback of varying probabilities of winning (Satterthwaite et al., 2007) . The regions activated in the posterior part of the dorsolateral prefrontal cortices in the published works are similar to those activated in the Changed Group during the second positive advertisement sessions for both the cola and the political fi gures.
For the right anterior dorsolateral prefrontal cortex, however, the activation was observed among the Changed group during the second positive political advertisement, but among the Unchanged Group during the second positive cola session ( Table 1) . The anterior and posterior dorsolateral prefrontal cortices have been interpreted as being associated with response selection from memory and working memory maintenance, respectively (Duncan and Owen, 2000; Rowe et al., 2000) . According to the literature (Wagner et al., 2001) , tasks requiring memory selection (i.e., semantic comparisons of three words based on subjective desirability) recruited a similar region in the anterior part of the right dorsolateral prefrontal cortex, where our experiment found a negative correlation between the neural signal change and preference change towards others.
Smaller preference changes after the second positive political advertisements may have resulted from memory selection, whereas larger changes accompanying switching support from one candidate to another may have resulted from memory maintenance. The activation associated with the positive political advertisement may be linked to a form of cognitive control distinct from the one for the negative advertisement, although the social implication of cognitive control has not been specifi ed in its entirety.
COMPLEMENTARY RELATIONSHIP BETWEEN BEHAVIOURAL AND NEUROMETRIC ANALYSIS
In our experimental context, the Unchanged Group examined the negative information deductively, but the Changed Group Neural correlates of attitude change used induction and considered the newer information to be more relevant, regardless of the negative or positive implication. The neural correlate, however, hinges on the task used in the experiment. More specifi cally, activation of the medial prefrontal cortex might be associated with preference changes if deductive reasoning supports the validity of the negative information; the activation of the lateral prefrontal cortex might be associated with rejection of the negative message by induction. These neural processes do not necessarily result in a one-to-one correspondence among observed attitudes, choices, and decisions. In this regard, the behavioural data analysis provides important supplementary evidence to the neurometric analysis. For example, greater activation of the medial prefrontal region (medial BA8) was also observed among those with a relatively high preference for the favoured candidate vs. the candidate who was not fovoured before the negative advertisements, and this group did not necessarily overlap with the Unchanged Group. A preference gap before the negative advertisements had a weak, statistically insignifi cant correlation with a drop in preference for the attacked (originally favoured) candidate after the negative advertisements (0.1; p = 0.5392). This implies that the activation was related to deductive judgement rather than to the presence or absence of preference changes that demarcated the Changed and Unchanged Groups. Similar to the Unchanged Group, those with a more discriminating preference scaling used a deductive approach to forming judgements. The neural circuitry should be considered linked to a specifi c form of cognitive control rather than to a specifi c choice of behaviour, represented by switching or maintaining support. The additional behavioural data analysis provided evidence that those more detached from the objects (i.e., political candidates) are less susceptible to changes after newer stimuli. An increase (+) and decrease (−) in preference for the (originally) favoured candidate during the negative advertisements were negatively correlated with the preference towards the favoured candidate before the negative advertisements. This change in preference for the (originally) favoured candidate was also negatively correlated with the preference towards the non-favoured candidate before the negative advertisements. These results imply that those who generally reported higher preferences for both were more likely to drop the preference for the favoured candidate after the negative advertisements (and were more likely to change their minds). However, those who originally reported relatively low preferences for both candidates tended to report fewer changes during negative advertisements. Here, the stable preference plausibly resulted from a generally low level of affi nity, regardless of preference order, rather than a greater attachment to the favoured candidate. To choose one among others while weighing often confl icting information constitutes an important social capability known as "social intelligence." Experimental psychologists believe that those who are more sensitive to information that potentially reveals a lack of trustworthiness in others tend to maintain once formed trust (Ostrom and Walker, 2003; Yamagishi et al., 1999) . This implication is consistent with the observation of fewer preference changes among those who were detached from both candidates. This is also consistent with the neural correlates of deductive reasoning among the Unchanged Group in our experiments.
Alternatively, neural correlates often have implications for understanding attitudes, choices, and decisions in our social lives. Our experiment used videos from a past electoral campaign that was not related to the subjects' immediate political experience, so that stable preferences, such as partisanship, should not have been involved. This is distinguished from a neuropolitical experiment in which the stimulus has immediate political relevance for subjects with clear partisan loyalties, and thus it might explain the activation of the region that is linked to cognitive control rather than to emotional regulation. The activation of the region linked to emotion might result from preservation of deeply rooted preferences relating to partisan ideology and belonging to specifi c social groups (Kaplan et al., 2007; Knutson et al., 2006; Phelps et al., 2000; Westen et al., 2006) .
Comparisons of experimental results obtained during the political and cola sessions suggest curious implications with regard to social behaviour. The same regions were not activated when negative commercial advertisements were viewed. Our results suggest the possibility that commercial advertisements might not be equivalent to political advertisements as social stimuli.
ACTIVATION IN REWARD-RELATED REGIONS
In neuroeconomics, the reward-related region of the brain is thought to be associated with social preferences that also infl uence decision making about one's own rewards. The pleasure derived from achieving social motives was regarded as similar to the pleasure ensuing from one's own reward (Fehr and Camerer, 2007) . From among the reward-related regions, our experiments found activation in the ventromedial prefrontal cortex (Fehr and Camerer, 2007; Lee, 2008; Loewenstein et al., 2008) among those who changed their preferences after viewing the second positive campaign video.
The ventromedial cortex activated in our study was adjacent to the region recruited in the prior experiments during a binary judgement in opposing contexts, that is, when given and not given formally irrelevant information (i.e., with and without a framing effect) (Deppe et al., 2005a; McClure et al., 2004) . Some studies reported that the ventromedial prefrontal cortex was associated with a reward decision under the infl uence of a specifi c brand name of goods (Deppe et al., 2005a, b) or with the modulation of emotional rejection to unfair treatments by others at the expense of one's own reward (Koenigs and Tranel, 2007) . In contrast, other studies found that it was associated with the exclusive evaluation of one's own rewards when controlling the brand name of goods (McClure et al., 2004) or when not infl uenced by behavioural feedback, such as punishment or anticipation (Knutson et al., 2001; O'Doherty et al., 2003) . An explanation for the opposite results is that different ventromedial prefrontal cortex regions might have been recruited by social stimuli from those associated exclusively with reward consideration, i.e., without interfering with social motives (Harris et al., 2007) . However, the region activated in our experiment (16, 61, 6: BA10) is similar to those activated in the two studies with opposing results (Deppe et al., 2005a; McClure et al., 2004 ).
An alternative explanation to this contradiction is that the ventromedial prefrontal cortex is commonly recruited by social cognition involving affective judgements (Northoff et al., 2006) . Evaluating the relationship between stimuli and oneself (i.e., self-relatedness) is a critical component in the evaluation of rewards and social cognition. The evaluation of one's rewards, based on subjective values, is essentially "affective," but an intrinsic reward consideration may or may not be related to consideration of the relationships between oneself and others. A prior study (de Greck et al., 2008) identifi ed an association between part of the ventromedial prefrontal cortex and self-related considerations; this association was observed in addition to those involving other reward-related regions, such as the striatum, thought to be closely linked to social interactions in reward decisions (Lee, 2008) . The apparently contradictory results reported in published experiments imply that the neural correlates of self-revaluation might be dissociated from reward-related regions. Our results support this possibility.
METRIC REPRESENTATION OF PREFERENCE AND BEHAVIOUR
The metric representation of behaviour is prerequisite for closely relating its changes to neural activities. The hypothesized continuity of social preferences with reward consideration enables one to defi ne social decision by externally quantifi able variables, i.e., rewards. We verifi ed the validity of a self-scaled affi nity towards others as a metric representation of the brain activities involved in preference changes towards others. As a rating measure of (un)favourable feelings towards presidential candidates, our experiment adopted a self-reported rating method, which was based on a post-task questionnaire. We verifi ed the use of this method by identifying the neural correlates of cognitive control that were tracked by retrospective scaling reported in the posttask questionnaire. This constitutes a promising representation of attitudes and might enable the application of psychometricneurometric comparisons to a variety of social behaviours. Our research confi rms that the self-rated preference towards others used in our experiment, can be used as subjective values. It thereby proposes an alternative measurement to externally quantifi able variables defi ned by utility functions in neuroeconomics (Kable and Glimcher, 2007) .
Our fi ndings imply that the neurometric analysis requires careful interpretation of the neural data analysis to derive behavioural implications. Although the neurometric analysis helps to fi nd the neural correlates of mental states (Kay et al., 2008) , the subtle working of the brain precludes an easy extension of this fi nding to the neural correlates of behaviour.
